Quantum partition noise of photo-created electron-hole pairs 
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We show experimentally that even when no bias voltage is applied to a quantum conductor, the 
electronic quantum partition noise can be investigated using GHz radiofrequency irradiation of a 
reservoir. Using a Quantum Point Contact configuration as the ballistic conductor we are able to 
make an accurate determination of the partition noise Fano factor resulting from the photo-assisted 
shot noise. Applying both voltage bias and rf irradiation we are able to make a definitive quantitative 
test of the scattering theory of photo-assisted shot noise. 

PACS numbers: 73.23.-b, 73.23.Ad, 73.50.Pz, 73.50.Td 
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Can electron quantum partition noise be observed 
without net electron transport? In this letter we inves- 
tigate the shot noise of a ballistic conductor under ra- 
diofrequency irradiation. We show experimentally that 
photo-created electron hole pairs do generate shot noise 
even when no net current flows through the conductor. 

Current noise measurements associated with a d.c. 
current have revealed many important phenomena in 
mesoscopic physics on the last decade. Fundamental cur- 
rent fluctuations in a quantum conductor out of equilib- 
rium, called shot noise, are a sensitive probe of both the 
charge and the statistics of the carriers [El ||. This ap- 
proach has led to the observation of the quantum sup- 
pression of shot noise in ballistic conductors due to the 
Fermi statistics (|, ||, the Laughlin quasiparticle charge 
in the fractional quantum Hall regime |, §, the dou- 
bling of shot noise resulting from Andreev reflections 
at Normal-Superconductor interfaces (]], |) and the en- 
hanced noise due to multiple Andreev reflections |)| [LCj , 
the reduction factor associated with the distribution of 
transmission probabilities in diffusive or chaotic quantum 
conductors gl], [[§■ 

In general shot noise is produced when the quantum 
conductor is driven out of equilibrium. In all the work 
quoted above, non equilibrium was obtained by apply- 
ing an electrochemical potential difference between the 
electron reservoirs (or contacts) resulting in a net cur- 
rent. Here, the origin is simple to understand. Con- 
sider for simplicity a single mode quantum conductor 
at low temperature with say the left reservoir biased 
by an electrochemical potential difference eV with re- 
spect to the right. The left reservoir emits regularly elec- 
trons toward the conductor at a frequency eV/h as a 
result of the Fermi statistics giving a incoming current 
Io = e(eV/h). If D is the electron transmission probabil- 
ity, the transmitted current / = DI gives the Landauer 
conductance G = De 2 /h. As the regular injection of 



electrons is noiseless, the only source of shot noise cor- 
responds to the quantum partition noise generated by 
electrons either transmitted or reflected. The resulting 
current fluctuations for a frequency bandwidth A/ are 
~AP = 2eI D(l - D)Af, where the term D(l - D) is 
the variance of the binomial statistics of the partitioning 
& 

Non equilibrium shot noise can however be produced 
when no voltage bias and hence no mean current flows 
through the conductor. For example, heating one reser- 
voir is expected to generate thermal noise but also shot 
noise with a D{\ — D) dependence reflecting partitioning 
even when no thermo-electric current is generated |2|, [l6| . 
Another non equilibrium situation occurs when photons 
irradiate one side of the quantum conductor (say the left 
one). This is the regime addressed in this letter. To 
understand the mechanism, consider an electron emitted 
from the left reservoir with an energy e < hv below the 
Fermi energy. The electron can be either pumped to an 
energy hv — e above the Fermi energy with probability 
V\ or unpumped with probability Vq. Unpumped elec- 
trons cannot generate current fluctuations as the right 
reservoir also emits electrons at the same energy. The 
Pauli principle imposes that both right and left outgoing 
states be filled with one electron leading to no current 
and hence no fluctuation. However the photo-pumped 
incoming electrons and holes do generate noise: the right 
reservoir does not emit electrons nor holes at energies 
hv — e and — e respectively, so that partition noise is 
not inhibited. The electron and hole incoming currents, 
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are sources of inde- 
= 2eI { e) D(l-D)Af 



and A/C 1 ) 2 = AJ( e ) 2 respectively. They add incoherently 
to give the total shot noise: Al 5 = Ahv^-D(l -D)V\Af. 
In this process the photon energy quantum hv plays the 
role of the bias voltage. 

This is the basic shot noise mechanism generalized to 



FIG. 1: Excess noise temperature as a function of the rf power 
P on the top of the fridge at 17.32 GHz. From the noise in- 
crease at transmission 1, we deduced the electronic tempera- 
ture increase due to dissipation. The solid line for D = 0.5 is 
a fit using Eq.(^) when taking into account the temperature 
increase. It gives the proportionality between a and P 1 / 2 

We now present the results of our observation of photo- 
assisted electron and hole partition noise with no applied 
bias voltage. In the limit where hv 3> fcgT, the noise 



Here D n is the transmission probability of the n mode, 
a = eVac/hv, Ji the integer Bessel function of order I and 
V ac the rf voltage amplitude. The first term represent 
the thermal noise of unpumped and pumped electrons. 
The second term (which interests us here) is the partition 
noise of photo-created electrons and holes scattered by 
the QPC as discussed in the beginning (Vi — Jf here). 
When the modes are either fully transmitted or reflected 
( D n = 1 or ), the noise is Johnson- Nyquist noise : 
T/v = T and does not depend on rf power. However, 
in a real experiments heating of the reservoir by the rf 
power can not be excluded [H . We thus first performed 
measurements on the first conductance plateau (D± = 



formula |J, 0, H is : 
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FIG. 3: Left graph: Noise temperature as a function of eV/hv 
with 17.32 GHz ac excitation. The measured electron tem- 
perature was 229 mK and a — 2.3. The dotted line is the ex- 
pected photo-assisted noise at zero temperature with a — 2.3 
shifted for comparison. The dashed line is the non photo- 
assisted shot noise with T = 430 mK. Continuous line is 
the photo-assisted noise calculated using Eq.(^) without ad- 
justable parameter. Right graph: Noise temperature as a 
function of eV/hv with 16.165 GHz ac excitation for a dif- 
ferent sample. The dashed line is the expected non photo- 
assisted shot noise for T = 520 mK. 

A further check that photo-assisted noise is the basic 
underlying mechanism is to apply both rf and finite bias 
voltage simultaneously on the QPC. It is known that a 
singularity occurs in the shot noise variation at eV = hv 
jj], |lj, |l7], [ll|. This is simple to understand. Lets assume 
that the left reservoir has a chemical potential rise eV 
above the right. The noise arises from transport noise of 
pumped and unpumped electrons in the energy window 
eV and from photo-pumped electron hole pairs in the 
energy window hv — eV. The latter process observed 
previously at zero bias, disappears for eV > hv leading to 
the singularity. The complete formula including multiple 
photon processes is [[lTj : 



To summarize, absolute noise measurements on a 
quantum point contact under rf irradiation have pro- 
vided the first demonstration that the quantum partition 
noise of electrons can be observed when no current flows 
through the sample. This is possible because photo cre- 
ated electron hole pairs scatters at the point contact gen- 
erating current fluctuations. The photo-assisted process 
has been further brought into evidence when applying 
finite voltage leading to singularities for eV = hv. All 
data show perfect agreement with the quantum scatter- 
ing theory of photo-assisted shot noise. 



FIG. 4: Noise versus bias voltage. The solid lines are the 
theoretical curves with a and T deduced from the equi- 
librium noise under rf illumination (see Fig.[l]). For the 
17.32 GHz curves, a = 0.065; 1.29; 1.83; 2.30; 2.58 and T = 
94; 168; 200; 229; 246mA" and for the 8.73 GHz curves, a = 
0.51; 1.81; 2.56 and T = 105.5; 145; 167.7mK. 

Fig.(||), left graph, shows total noise measurements 
versus bias voltage at transmission 1/2 for the same con- 
ditions as Fig.(g)(a = 2.3, T = 229 mK). As we can 
see on Fig.(^) for bias higher than hv/e the noise starts 
to increase more rapidly, a hallmark of photo-assisted 
processes. This behavior cannot be attributed to simple 
thermal rounding, even if we assume that the V = 
noise temperature was corresponding to 430 mK elec- 
tronic temperature (dashed line). In order to better re- 
veal the expected singularities in the voltage, we have 
plotted the noise at T « (dotted curve). As all param- 
eters a, T, and D are known we can use Eq.(^) to make 
a comparison with our data. The agreement is excellent. 
Even the thermal rounding of the singularity at eV = hv 
is well reproduced. The singularity of noise has been also 
observed using a different sample with a slightly different 
coupling and pumping frequency and is displayed on the 
right graph of Fig.(||). 

Finally Fig.([IJ) shows a set of curves for various rf 
power values at 17.32 and 8.73 GHz plfl . The curves 
show that for the two different frequencies, the voltage 
scale of noise variation is determined by the photon en- 
ergy quantum hv and not by the thermal energy scale. 
From the regime of nearly pure shot noise to the regime 
of strongly photo-assisted shot noise all curves compares 
accurately with theory without any adjustable parame- 
ter. 
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